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Zoran Obradović Center for Data Analytics and Biomedical Infor-
matics, Temple University, USA
Yuriy L. Orlov Institute of Cytology and Genetics SB RAS,
Novosibirsk State University, Russia
George Patrinos Department of Pharmacy, University of Patras,
Greece
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Marko Djordjević Faculty of Biology, University of Belgrade, Serbia
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Bojana Banović Institute of Molecular Genetics and Genetic En-
gineering, University of Belgrade, Serbia
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Abstract. Amyloids are insoluble proteins of a cross-β structure found
as deposits in many diseases. They are largely examined structurally, but
there is a lack of a unique structural database for amyloid proteins resolved
with atomic resolution. Here, we present a constructed amyloid database
made based on keyword criterion as well as structural features of amyloids
described in literature. The searching filter was performed by python pro-
gramming. The total number of structures is 109. This database can help
further structural general and statistical analysis of amyloids, as we know
the molecular basis can lead to understanding of disease mechanisms re-
lated to amyloid proteins.
Keywords: database, protein structure, amyloid
1. Introduction
Amyloids are insoluble proteins of a cross-β structure found as deposits in many
diseases like Alzheimer’s, Parkinson’s, CreutzfeldtJakob’s, type II diabetes etc.
They are also found in normal tissues (nails, spider net, silk) because of their
strong fibrillar nature. Among functional nanostructured materials of a signifi-
cant impact in nanotechnology and biological environments, amyloid fibrils have
attracted great attention because of their unique architectures and exceptional
physical properties.
Short polypeptides, of minimum 4 amino acids [1], are self-assemblied into β-
sheets via backbone hydrogen atoms, then several β-sheets interact with each
other in a parallel fashion via polypeptide side chains forming long linear un-
branched protofilaments with an axis nearly perpendicular to a polypeptide
strand. Several protofilaments, the number being specific to the particular amy-
loid protein, form fibrils. All amyloid proteins, independently of their sequence,
form very similar structure, the cross-β structure, made of parallel arrays of
β-strands. These structures are different only in the inter-sheet spacing which
depends on the side chain size, and in a morphology of a fibril [2].
Amyloids are largely examined structurally [3–5] individually, but there is no
systematic structural analysis of all resolved structures so far in the literature.
There is a lack of a unique structural database for amyloid proteins resolved with
atomic resolution. The Protein Data Bank (PDB) consists of nearly 120 000 3D
shapes of proteins, nucleic acids and complex assemblies [6]. The PDB contains
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amyloid structures, but they are hard to find by a simple one criterion search.
PDB files are often not uniform about the amyloid keyword. The molecules in
.pdb files are often labeled by another name referring to an amyloid precursor
name or a disease name, while the word amyloid could be mentioned within
description such as publication title, publication keywords, title section etc.
Another difficulty in constructing amyloid database is that amyloid proteins ex-
ist in different conformations depending on conditions. They might exist in non-
amyloidal conformation in solution when they form helical or random coil sec-
ondary structure with no parallel fragments forming fibrils [7].
Here, we present a constructed amyloid database made based on keyword crite-
rion as well as structural criteria.
2. Methodology
Amyloid protein 3D structures were searched in Protein Data Bank (PDB) and in
Cambridge Structural Database (CSD). The searching criteria for the CSD was
any 4 residue long acyclic polypeptide with nearly β-sheet structure. 8 structures
were found, but with no proof of self-assembly in the published papers.
Amyloid PDB subdatabase was made by searching the PDB for the keyword amy-
loid and precursor names. Only the β secondary structures or extended ones
were taken. There are 109 structures found in PDB, resolved by X-ray crystallog-
raphy, solid state or solution NMR.
2.1. Online Search
The online search on the website http://www.rcsb.org/pdb/home/home.do gave
us a list of PDB IDs of potential amyloid structures according to the name key-
word.
The search was done by picking every structure in which the desired keyword
appears. The keyword was simply amyloid and 38 amyloid precursor names.
The precursors names were published recently in the editorial of Amyloid, The
Journal of Protein Folding Disorders, Tables 1, 2 and 3 in [8]. These are all
known naturally occurring amyloids. By searching by files that contain the key-
word amyloid, we include all the synthetic amyloids as well, described by the
keywords amyloid-like, amyloid-related, amyloidogenic etc.
We got 1218 structures in total. It is difficult to separate all the amyloid struc-
tures, but not pick the non-amyloid ones. Not every structure mentioning the
amyloid keyword, is in fact an amyloid. Further filtration in the next sections
will deal with structural features of amyloids.
2.2. Excluding Helical Structures
It appears that amyloids are not exclusively β structures, there are also coil and
extended peptides which pack in a parallel manner forming long fibrils perpen-
dicular to the peptide axis. This is why we excluded only the helical structures,
leaving the β-sheets and coil in the first step of the filtration. The filtration was
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made using TCL scripting language [9] command get structure incorporated in
the VMD software [10]. The result was total of 241 structures. This is still not
the ready database, as it contains non-parallel, globular protein arrangements.
2.3. Excluding Non-parallel Structures
We defined amyloid structure as a structure which does not contain more than 1
non-parallel peptide fragment for every fragment in the whole structure. This
is because there are highly ordered structures with alternating parallel and
tilted fragments, as in PDB ID: 4UBZ [11], thus amyloids could contain non-
parallel fragments. On the other hand, there are parallel fragments in non-
amyloidogenic structures, as they may contain -sheets made of parallel β-strands.
But they are mostly globular proteins. We distinguished them from amyloids as
structures which contain more than 1 non-parallel fragment for each fragment,
Fig. 1.
Fig. 1. Criterion for distinguishing amyloid structures from non-helical struc-
tures: an amyloid possesses maximum 1 nonparallel fragment for each fragment
in the whole structure.
Flat fragments were defined according to the Ramachandran backbone tor-
sion angles found in structures of 8 amyloid-β fragments published by [12].
Among these structures, there are β-sheets as well as curved coil fragments with
the total torsion angles scope of (-156◦, -103◦) for the angle, and (104◦, 154◦)
for the ψ angle. We expanded this scope by the fully extended peptide conforma-
tion, (ϕ, ψ) = (-180◦, 180◦), so the final scope was ϕ=(-180◦, -103◦), ψ=(104◦,
180◦). Furthermore, a fragment must be of minimum 4 amino acids length.
The criterion for the parallelity of fragments was also taken from the 8 structures
in [12]. In these structures the maximal difference in the distance between two
Cα atoms belonging to two parallel fragments is 1.5Å, Fig. 2.
For the purpose of this final structural filtration, the .pdb files were down-
loaded from http://files.rcsb.org/pub/pdb/data/structures/divided/pdb, and the
.pdb1 files containing information in biological assembly were downloaded from
http://files.rcsb.org/pub/pdb/data/biounit/coordinates/divided. This is impor-
tant because both translating a crystallographic unit cell in all the three direc-
tions, and completing the biological assembly structure must be done in order
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Fig. 2. Criterion for parallel fragments: the distance between two Cα atoms
belonging to two parallel fragments must differ maximally 1.5Å, as found in
amyloid-β structures resolved by [12].
to complete the amyloid structure and find all the parallel fragments.
Homemade scripts for the downloading and structural filtration were programmed
in Python programming language [13] and for PDB file parsing MDAnalysis
python library has been used [14].
3. Results and Discussion
The resulting database consists of 109 structures. The database was confirmed
by visual inspection of the 241 non-helical structures found by TCL scripting
search.
According to the geometric parameters we considered, flat fragments weather as
β-sheets or coils, and number of nonparallel fragments of each fragment, there
are 5 classes of amyloid PDB structures: U-shape with β-sheets connected by
unstructured coils, β-sheets packed in a flat fashion, β-sheets packed in a tilted
fashion, coil structure packed in a flat fashion and coil structure packed in a
tilted fashion. These arrangements of amyloid structures are all found in the
review on amyloid states [15] according to the facial and directional alignment
of the interacting β-sheets.
4. Conclusion
An amyloid atomic resolution structural data bank was made by searching the
Protein Data Bank. The criteria were based on both amyloid name keyword and
structural features of amyloid described in literature. The total number of struc-
tures is 109 on the 25th of March of 2016. This number will grow as new amyloid
structures are resolved crystallographically and by NMR spectroscopy.
This database can help further structural general and statistical analysis of amy-
loids, as we know the molecular basis can lead to understanding of disease
mechanisms related to amyloid proteins.
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